Deep vein thrombosis (DVT) with subsequent pulmonary embolus (PE) is frequently fatal if untreated. Athletes may be susceptible to DVT following minor blunt trauma to the popliteal fossa. We report an adult male hockey player with no ''classic'' risk factors for DVT who presented with a DVT and bilateral PE following minor popliteal blunt trauma. This case report illustrates the utility of likelihood ratios when interpreting the results of diagnostic tests such as Doppler ultrasonography.
Presentation of patients to emergency departments (EDs) with symptoms and signs suggestive of deep vein thrombosis (DVT) is common. DVT has an incidence of 66 per 100,000 per year, 1 and DVTs commonly occur in the popliteal and femoral veins. 2 From these sites, thrombi may embolize to the lungs. Pulmonary embolism (PE) will develop in approximately 50% of untreated DVT's, many of which will be asymptomatic. 3 PEs are potentially fatal; 35% of patients will die if left untreated or the PE is undetected, and 5% of patients will die even with appropriate treatment. 3 It is vitally important to accurately diagnose DVT and promptly initiate treatment to reduce the risks of patients' developing a PE. As the symptoms of DVT are nonspecific, 4 investigation of DVT is dependent on physicians' having a high index of clinical suspicion. Pretest probability (PTP) for DVT can be based on gestalt or clinical decision aids; the Wells criteria are a sensible, reliable, and valid tool developed and used widely in Canada. 5 After determining PTP, further investigative decisions are dictated by the low, moderate, or high PTP status of each patient.
The following case describes a patient with a DVT and subsequent PE following minor trauma to the popliteal area, 6 with a discussion of how to proceed following ambiguous test results. The case illustrates how PTPs may be used to guide interpretation of test results in conjunction with positive and negative likelihood ratios (LRs) and, therefore, subsequent patient management.
CASE REPORT
A 37-year-old male presented to the ED with pain and swelling to the left calf. He had been hit in the popliteal fossa with a hard plastic ball while playing ball hockey 10 days previously. His past medical history was significant only for myocardial infarction 3 years previously, for which he underwent coronary stent placement. The patient had no other known risk factors for DVT or PE (specifically no history of smoking, malignancy, recent long trips, surgery, or immobilization, and there was no family history of clotting disorders). Also of note, there was no period of relative immobility following his injury. His only medication was rosuvastatin. On physical examination, he looked well and his vital signs were normal. He denied any shortness of breath or chest pain. His only complaint and physical examination finding were swelling and pain in the left upper calf, which was 5 cm greater than the right. There was also pitting edema and whole leg swelling.
Laboratory investigations included a positive Ddimer (287 ng/mL); his international normalized ratio (INR) was 1.2, and his partial thromboplastin time (PTT) was 54 seconds. A Doppler sonogram was positive for DVT with thrombus located in the posterior tibial veins, and the patient was placed on 18,000 units of dalteparin. A follow-up Hematology consultation was arranged for the next day, and repeat ultrasonography (US) performed then revealed no DVT but, rather, a thrombus in the small saphenous vein (also known as the short, or lesser, saphenous vein), which was superficial. The decision was made by the hematologist to discontinue anticoagulant therapy. The rationale was that it would be unlikely that the thrombus would extend because it had been present for approximately 10 to 12 days. The patient was placed on naproxen for his symptoms.
Nine days later, a repeat sonogram demonstrated that the clot had extended into the proximal popliteal vein. The patient was again placed on dalteparin and warfarin. After 5 days, dalteparin was discontinued and warfarin was maintained as his INR was therapeutic.
Seven days later, the patient woke up with intense midthoracic back and chest pain described as pleuritic in nature. On returning to the ED, he denied any shortness of breath, fever, cough, or hemoptysis. His vital signs were normal, he appeared well, and his physical examination was unremarkable; however, his PTP for PE was high (Table 1) . His INR was 3.3. Spiral computed tomography revealed bilateral PE. The patient was briefly treated with intravenous heparin and then discharged home on warfarin, with no further adverse events. Of note, follow-up investigations for thrombophilia were negative, including antithrombin III deficiency, factor V Leiden, anticardiolipin, antinuclear antibody, anti-DNA, and lupus anticoagulant.
DISCUSSION
Could the extension of DVT to a PE been avoided in this case? Following his primary presentation to the ED, a repeat diagnostic test (US) was obtained for this patient. The results contradicted earlier findings and culminated in a change in management without meaningful interpretation of a previously positive sonogram. This issue is discussed in detail below.
This patient had no classic risk factors for DVT (Table 2) ; however, using the established clinical criteria for DVT probability of Wells and colleagues, 7 his score was 3 (e.g., entire leg swelling, localized DVT and bilateral PE following minor trauma to the popliteal fossa 2011;13(2) 123 CJEM N JCMU tenderness along the distribution of the deep venous system, and calf swelling . 3 cm larger than asymptomatic side). As per the Wells criteria, the PTP of DVT was high (Table 3) . With a high PTP, the prevalence of DVT is approximately 53% (95% CI 44-61). 7 In other words, there is a 53% chance that this patient has a DVT, or about the same as flipping a coin.
A valuable diagnostic test is performed to shift this PTP of disease to a higher or lower posttest probability. In this sense, it is useful to consider LRs when interpreting test results 8 as this ultimately affects management decisions. The LRs are derived from the sensitivities and specificities of a given test.
In this case, the appropriate first diagnostic test was Doppler US. Although a D-dimer may be used in low and moderate test circumstances, Doppler US has reported sensitivity of 0.89 (95% CI 0.88-0.90) and specificity of 0.94 (95% CI 0.93-0.94). 9 Therefore, calculations of LRs are as follows: +LR 5 sensitivity/1 2 specificity 5 14.82LR 5 1 2 sensitivity/specificity 5 0.12.
A test with a +LR . 10 is considered useful for ruling in a given condition with a moderate PTP. 8 Conversely, a test with a 2LR , 0.10 would be considered useful for ruling out the same condition in a similar group. 8 The Doppler US therefore meets the psychometric properties of a valuable diagnostic test. These data are then applied on a Fagan nomogram, 10 as shown in Figure 1 . Using this figure, we can see that given that our patient had a PTP for DVT of 53%, the posttest probability is increased to over 90% with the positive sonogram. Even a negative initial sonogram would have reduced the posttest probability only to approximately 12% and would mandate further investigative strategies (ie, other testing or repeat US in 1 week). Although it is important that US be repeated to detect missed DVT's in high-probability patients, 7,11 a repeat sonogram that is negative after an initial positive sonogram will not change the pretest probability. Thus, the results from the second sonogram mean that the patient still had at least a 12% chance of DVT, which would warrant further investigation. That being said, in the setting of an initially positive sonogram, one could argue that the PTP was even higher before the second sonogram.
Of interest, this report also highlights the need for serial US in the case of a suspected calf vein DVT. If a below knee (''calf vein'') DVT was suspected, treatment with nonsteroidal antiinflammatory agents would be appropriate assuming that serial US tests were available to detect the progression of clot into more proximal deep veins. Although rare, this progression is an important finding, one that emergency physicians should suspect.
In our case, when the second sonogram was reported as negative, this posed a diagnostic dilemma influencing the decision to continue anticoagulation. This is Adapted from Wells PS et al. 7 DVT 5 deep vein thrombosis. Score of 2 or higher indicates that the probability of DVT is ''likely''; a score of less than 2 indicates that the probability is ''unlikely. '' an excellent example of how LRs may be used to guide the interpretation of test results and therefore management decisions. Fortunately, the patient underwent a third sonogram that again was positive, and the decision was made to restart anticoagulation. In terms of the discrepancy between the two US reports, this could have been due to interrater reliability; however, it has been shown that with experienced observers, interobserver reliability for lower extremity DVT is excellent, at 94%. 12 It is unclear why the second sonogram was negative; however, it does not change the fact that there was a previous positive sonogram. This patient had a posttest probability of DVT greater than 90% after the initial positive sonogram, suggesting that he should have been maintained on the appropriate dose and duration of anticoagulant therapy. Confirmation of venous thromboembolism is a critically important issue for all physicians and patients; discordant test results should mandate a more vigorous search for the truth. Despite resuming anticoagulant therapy and demonstrating therapeutic INRs, this patient experienced a subsequent PE, illustrating that PEs are a risk in patients with DVTs even when receiving appropriate therapy. As heparin accelerates clot removal over 48 to 72 hours by allowing unopposed action of plasmin, this patient was started on intravenous heparin and maintained on oral anticoagulation without further complication. 13 
CONCLUSION
This case report of DVT and bilateral PE provides an excellent illustration of the utility of PTP and LRs for interpreting diagnostic test results. It also demonstrates the potential impact that this may have on subsequent management decisions and patient outcomes. 
